"Cumulative impacts" refers to the total harm to human health and the environment resulting from combinations of stressors over time. Cumulative impacts are creating three kinds of effects:
Introduction
"Cumulative impact(s)" refers to the total harm to human health and the environment resulting from combinations of stressors over time. Many environmental, human-health, and social problems are now recognized as being caused by combinations of agents which, considered individually, may seem inconsequential but which, in combination, can give rise to significant harm. Many recent studies emphasize that cumulative impacts are altering global ecosystems, such as oceans, boreal forests, and the atmosphere in ways that are inhospitable to human well-being. (Millennium Ecosystem Assessment 2005; OECD 2012 ) Similarly, chronic human diseases typically arise not from single, isolatable causes but from complex interactions between individual, social, and environmental conditions. (Krieger 1994; Schettler 2006; Nordqvist 2013) The same sort of complexity shapes community health and well-being. (Etches et. al. 2006) . Furthermore, environmental injustice typically develops from numerous seemingly-insignificant decisions made over decades. (Pulido 2000; Brulle and Pellow 2006) The US regulatory system is not designed to understand or address cumulative impacts.
In practice, our laws and decision-making structures have either ignored cumulative impacts or have called for addressing them without specifying how to do it. The National Environmental Policy Act of 1969 (NEPA) mandates consideration of the cumulative impacts of governmental actions, but the mandated analytic procedure exists only in the form of a "guidance," which lacks regulatory teeth. (Council on Environmental Quality 1997) In addition, NEPA only requires thorough analysis of "major" governmental actions, thus often exempting decisions that, considered alone, may appear insignificant. Furthermore, in practice, NEPA analyses have tended to emphasize impacts on ecological resources, giving short shrift to other kinds of resources, such as socioeconomic, human health, recreational, cultural, historical and quality of life. (USEPA 1999) Since at least the mid-nineteenth century, scientists have tried to comprehend the cumulative impacts of human activities. (Marsh 1865; Vogt 1948; SCEP 1970; Goudie 1981) .
However, only in recent years has attention focused on the failure of the modern risk-based regulatory system to prevent cumulative harm. (Travis, 1991; Guth 2008; Harremoës, 2002; NRC 2009; European Environment Agency, 2013) . Under the risk-based system, regulators try to calculate the probability that an action, considered in isolation, will result in a specified level of harm to humans (and, sometimes, to ecosystems) . If the calculated probability falls below some threshold defined as "acceptable," (say, one cancer in 100,000 individuals exposed for a lifetime) then the action itself is deemed acceptable. As Joseph Guth and others have shown, this approach is based on the tacit (and incorrect) assumption that ecosystems and human populations can tolerate an endless accumulation of innumerable "acceptable" insults. (Guth 2008; Travis 1991) In recognition that traditional risk-based approaches have failed to prevent substantial harm (Silbergeld 1993; Montague 2004) , in 2009 the National Academy of Sciences recommended a new approach to decision-making: instead of calculating the probability of a specified level of harm from an action, the Academy recommended first examining alternative ways to avoid or reduce harm from an action. Then the probability of harm from each alternative could be assessed and compared, to minimize harm. (NRC 2009) This embodies a precautionary approach --examining alternatives (including the alternative of doing nothing) to find the least harmful. (O'Brien 2000) . To date, this new approach has not been widely adopted.
Despite these scientific and regulatory hurdles, environmental justice advocates have pressed for action to understand, mitigate, and prevent cumulative impacts of multiple stressors. 
The Cumulative Impacts Working Group
In 2010 the Collaborative on Health and the Environment (http://www.healthandenvironment.org) and the Science and Environmental Health Network (http://www.sehn.org) embarked on a project to examine cumulative impacts on three levels: ecological, community, and individual health. We began by convening a working group of academics, government agency staff and representatives from nonprofit non-governmental organizations who are addressing cumulative impacts at one or more levels. We then created a cumulative impacts repository (www.cumulativeimpacts.org), a library of emerging information on all three levels, highlighting relationships among them.
After three years, we observe that considerable progress has been achieved in understanding and assessing cumulative impacts on health and disease on the level of the individual and to some extent the community. The field of environmental health continues to document a complex web of interdependent factors at the root of the most prevalent chronic diseases including cancer, diabetes, cardiovascular disease, obesity, and various neurodevelopmental and neurodegenerative diseases, among others. (Schettler 2006 ) These findings cannot be addressed solely at the individual level, and have led to innovative public health interventions at the community and national levels. There has also been considerable progress in analyzing social and environmental burdens at the community level.
Analytical Tools for Cumulative Impacts
A first step in preventing further cumulative impacts is to understand the conditions into which a new stressor (or new relief from a stressor) may be introduced. Inventorying existing conditions is a common first step in both understanding and acting upon any cumulative impacts problem. We present three types of tools that rely on indexes or maps, and sometimes a combination of the two, which are particularly helpful for assessing and addressing communitylevel cumulative impacts.
-Indexes
By definition, an index is an indicator or measure of something. It is then not surprising that several cumulative impacts tools are called indexes. Following are indexes that pertain to various geographic areas:
The Resilience Capacity Index (http://brr.berkeley.edu/rci/data/ranking) measures social and economic barriers to health and then scores and ranks 361 metropolitan regions in the U.S.
The scores combine a variety of data on economic indicators (e.g., income equality, industrial diversification, housing costs), socio-demographic indicators (poverty, disability, educational attainment) and indicators of community connectivity (how civically active a region's residents are as expressed by voter participation rates, homeownership, organizational density, and metropolitan stability.) While health information is not included in this index, it can be used to estimate a region's capacity to weather acute and chronic stressors ranging from gradual economic decline to rapid population gains, earthquakes and floods. (Foster 2011) The Green City Index (http://www.cumulativeimpacts.org/documents/northamerican-gcireport-e.pdf) is another score and rank approach comparing the environmental performance of over 120 cities worldwide (e.g., well above average, below average). The index includes 27 major US and Canadian cities, evaluating nine categories of data including CO2 emissions and waste management, energy and land use, the efficiency of buildings, transportation, air and water quality, conservation efforts, and environmental governance. Publicly accessible quantitative data are incorporated with less publicly available, qualitative information on policies in each city. Best practices from each city are profiled in detail and the index is intended to help city leaders learn from each other's experiences. (Wander 2011) The "Health Matters" database in San Francisco (http://www.sfhip.org/index.php) allows a close look at communities in the San Francisco area, defined by zip code, compared to all counties in California. Rather than a combined ranking, individual scores for particular indicators in a community are shown color-coded (green is good, red not, yellow in between). However, health matters links to a Community Need Index (http://assets.thehcn.net/content/sites/sanfrancisco/San_Francisco_CNI.pdf) that scores and ranks areas by need (low to high) on a variety of measures. The Community Need Index (CNI) (http://www.dignityhealth.org/Who_We_Are/Community_Health/STGSS044508), created in 2005 by Catholic Healthcare West, is based on a scoring system to rank geographic areas by the severity of barriers to health (related to income, language, education, insurance, and housing).
These same scores can then be compared with hospital admission rates for disease outcomes including pneumonia, asthma, and congestive heart failure. Not surprisingly, there is a high correlation between structural, social and economic barriers to care, and hospitalization rates.
The CNI is the first standardized index to identify the severity of health disparity for every zip code in the U.S., and the results are used to target community benefits resources (Catholic Healthcare West 2005) . A mapping component of the index facilitates public use.
-Maps
Maps have been used as community assessment tools in the US and UK since the nineteenth century, most often to display poverty levels and environmental conditions, and to advocate for change (Smith and Miller 2013) . Freely available on-line mapping tools (e.g., Google Earth, Google Maps) and the more frequent use of Geographic Information Systems (GIS) have increased the potential for maps to be powerful public health tools. GIS is used in a diversity of settings and studies to visualize data, including multiple layers of data that can be used to identify disproportionately burdened populations (CDFI Fund 2012; Gao at al. 2008; Gunier et al. 2001; Krieger et al. 2003; Leete et al. 2012; Lefer et al. 2008; Maclachlan et al. 2007; Miranda et al. 2013; Richards et al. 1999; Siegel et al. 1997; Theseira 2002 Pollution Control Agency to analyze and consider "cumulative levels and effects of past and current pollution," before a permit may be issued for a facility located in a specific area of South Minneapolis (Minnesota [MN] Legislature 2013). However, given that many agencies lack a mandate, money or authority to address cumulative impacts once they are identified, communities are taking matters into their own hands, finding innovative solutions to cumulative impacts. These non-regulatory solutions are replicable, giving people ways to say yes to things that enhance their community rather than binding them to a regulatory agency's decisions. These best practices are crosscutting and reduce harm at multiple levels: individual, community, and ecosystem. We have observed three predominant areas of focus where communities leverage such solutions, each of which we summarize with examples.
-Food and agriculture practices Change, Nutrition and Agriculture, concludes that drivers of climate change and chronic diseases could be addressed through changes to our food and agriculture system and associated agriculture policy (Harvie et al. 2011 ).
-Greening cities and urban infrastructure
Researchers from California to New York are accumulating evidence that community health, business success, crime rates, and general satisfaction and well-being are improved when cities choose to incorporate more green space and other eco-friendly infrastructure into neighborhoods. The Urban Long-Term Research Area (ULTRA) is a joint effort of the National Science Foundation and the U.S. Forest Service to understand the nation's cities, home to 80 percent of the population, as functioning ecosystems (Baerwald et al. 2009 ). Commissioned by the National Recreation and Park Association (NRPA), five scientific monographs (http://www.nrpa.org/2010researchpapers/) were released on Oct. 28, 2010 describing the broad and fundamental benefits of parks and recreation for local communities. They focus on: stimulating physical activity, youth development, alleviating stress and reducing crime, improving air quality, and measuring the economic impact of park and recreation services (National Recreation and Park Association 2010). "The payoff for investing in public parks and recreation sites may be healthier, more physically fit residents and a less strained health care system," Penn State researchers stated in a 2010 study (Godbey and Mowen 2010) .
The Los Angeles "green zone" plan is aimed at low-income, high-pollution areas.
According to city planners, "toxic hot spots," such as Pacoima, Boyle Heights and Wilmington, will get incentives to attract clean industries while polluters will be targeted with tougher inspections and enforcement (Sahagun 2011) . The city launched a Cleanup/Greenup website 
Conclusion
The difficulty of assessing cumulative impacts, characterized by considerable scientific uncertainty, calls for precautionary approaches to prevent and reduce harm. Heeding early warnings, setting goals, looking for better alternatives, and reversing the burden of proof -all elements of precautionary approaches-are logical steps to address cumulative impacts.
(European Environment Agency 2013)
Similar approaches apply to cumulative risk assessment. The NRC's report, Science and Decisions, recommends involving the community early and often, beginning with problem formulation, identifying hazards, and looking for ways to reduce harm early in the process rather than waiting for final results of complicated risk assessments before trying to manage risks. (NRC 2009; Janssen et al. 2012) Individual health, community resilience, and ecological integrity represent different aspects of the problem of cumulative impacts and leverage points for addressing them. They also overlap and affect each other. Together they create opportunities for new, precautionary decision structures and initiatives aimed at reducing cumulative harm.
